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techniques  of  reexren^ffisent  and  disarrangsient  henre  be2»2  used 
to  alter  the  normal  relationship  between  an  observer  and  his  auditory 
or  visual  eaviroment.  In  general,  rearrangement  leads  to  orderly  ad¬ 
aptation  of  perceptual-motor  performance,  -tdille  disarrangeateat  leads  to 
degradation  of  performance. 

This  experiment  was  an  auditory  rearrangement .  Sub|!»ta*  4udeB»ntf 
of  auditory  direction  were  displi^ad  laterally  by  means  of  a  high- 
fidelity  pseudophone  that  effectively  rotated  the  interuiral  axis 
through  a  20  degree  horizontal  angle.  After  exposure  sessif^ui  that  con¬ 
sisted  of  walking  repeatedly  toward  a  fixed  sound  scnirce  for  20  minates, 
two  of  the  four  experimental  subjects  demonstrated  significant  shifts 
averaging  6  degrees  in  their  Judgments  of  auditory  direction.  The  shifts 
partially  compensated  for  the  error  of  localizaticm  produced  by  the  pseudo- 
phone  . 

The  shifts  in  localization  are  discussed  in  terms  of  the  nature  of 
the  exposure  situation  and  the  factors  that  are  likely  to  be  respixzsible 
for  cosicpensation. 


2 


I .  iBmawcTioB 

One  way  to  study  the  reiatioaship  between  the  percipient 
fairann  observer  and  bis  external  world  is  to  alter  that  reiaticaisbip 
and  observe  the  consequent  changes  in  percepticsa  s&t  behavior.  Such 
alterations  may  b«  product  by  interposing  spjffopriate  devices  be¬ 
tween  tlie  observer  and  his  sense  stimulating  enviroaaeart .  Because 
both  vision  and  audition  utilize  environnentetl  cues  to  guide  spati¬ 
ally  oriented  behavior,  they  are  particularly  suited  to  this  type 
of  experiment. 
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A .  Rcarrangfcffient  and  disarrangeir.gnt. 

Atypical  ctlmuluE  situatisas  cay  be  classified  in  c»ar;y  s^ays . 
Psychol  exists  since  Heliahoitx  ( 1>2'*-192>,.  nave  described  adaptn*’i  'US 
to  perceptual  altei’atir.ns  created  by  iriYerting,  reversing,  or  other¬ 
wise  listcrting  the  visual  field.  Held  and  Freedctan  (1963)  have 
efferod  an  estyianetion  r,  r  these  adaptations  inferred  from  donx-nstra- 
tions  that  the  perceptual  changes  which  occur  are  contingent  upon  the 
C'jnditions  of  aeveaent  during  atypical  exposure.  Sensory  feedback  de¬ 
pendent  upon  self-induced  taotor  activity  of  the  observer,  called  re- 
afference  by  v.n  Hoist  is  required  for  any  large  perceptual 

3xt^ i on  t»o 


The  visual  experiments  of  Helmholtz  (192^-1925),  Stratton 


(1897),  Ivo  Kohler  (1953),  Smith  and  Smith  (I9f2),  Taylor  (1962),  and 


Held  before  i960  fail  into  the  category  designated  as  rearrangement . 
"A  rearrarigenent ,  such  as  is  effected  either  ly  wedge  prisms  before 


the  eyes,  or  by  pseuder b-nes,  transforms  the  '-elation  between  meter 
output  and  sensory  feedback  in  an  isomorphic,  continuous,  and  time  in¬ 
dependent  manner"  (Hold  &  Freedcan,  I963).  For  example,  wedge  t>risas 
displace  the  visuai  field  with  respect.  0.  th»  eye,  but  the  relations  of 
the  parts  within  the  field  are  preserved,  and.  a  one-to-one  relationship 
between  5ri..ver.ent  an-l  contingent  changer  in  f.-edback  stimulation  may 
still  be  sp'-c  i  fi-'d.  .Ad  apt  at  i.'-:.  t  ■.  tnis  xint  ''f  change  would  cake  the 
fern  of  a  compensatory  shift  in  m.rvements . 

bisarrangement ,  on  the  other  hand,  may  be  effected  by  in- 
tri'ducing  a  time-varying  factor  into  the  fef  iback  loop;  there  results 
a  decorrelaticn  between  r.ovc-n.ent  and  the  resulting  sensory  changes,  a 
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•afferont  signals.  This 
in  i-1h'  cffcrt-nt-rcafforent 
]'.or  romance. 


'5 .  t'r-,-vi-.as  ;iUvIit-.,ry  stuuii-;  . 

A  noj'.bor  T  'lUiit.ry  r«'arran-y,::.‘-,nt  '-‘Xj.erisieiltc  have  been  ru- 
.n  b  Y'.ua,"  jccvi  a  ;  s».ui  :  h.  .riv,-  t  ,  pr^duet*  rirht-left  revor- 
sa]  1'.  eai  i  i^atii.n.  liis  device  o  .iisiste  l  i  f  a  receiving  tnimpirt  on 

either  si  !•;  ,t‘  i.se  tieu*  c-  niiectcd  by  rubber  tubinr  te  the-  I'lppcsite  ear. 
Several  -lays  f  ex’  -isun-  in  the  n- rr.ai  environment  did  not  produce  any 
correcti  n  f  the  reversal  r  any  'iftereffe'Ct  when  the  pseudophone  was 
rnnoved.  Vlcible  Sound  si.urces  did  not  seen  to  be  dissociated  froi.i 
their  auditory  iocati(,ns.  Willey,  Iniylis,  and  Pierce  (1937)  usin^i 
sinllar  cquipnont  eohciuded  that  prol  inj^ed  exposure  tc  the  reversal  did 
not  lead  to  reor.'anizati-.n  ;  1*  the  au  litory-visual  relationship,  but 
that  the  auditory  cues  f(;r  the  1  .cation  of  seen  objects  did  se'ori  to  be 
repressed, 


Held  {iy!>9)  rotate'.'  the  bsorvor's  effective  Intern.ural  axis 
After  Co  r.iin.  of  exposure  aurino  wnich  the  observer  walked  in  re- 
lati  n  t-i  fixed  sound  sources,  c  rr-  ctive  shifts  of  up  to  10'*  in  his 
apparent  audit^'^  nid-line  wire  r.e'isi.re  aith'jUfth  a  variety  of  appar¬ 
ently  conparabJe  exper ii:.ent'il  o.  ndlt-  nn  w.^re  used,  the  only  effective 
ones  Were  th  oe  in  which  the  .bscrvii-  walked  directly  toward  '^r  away 
frdr.  the  sound  source-s.  There  wtrc>  n.  contr<  Is  for  passive  nevenent, 
or  for  restricted  r.ovcnent,  with  equivalent  stinulation, 

Freedman  has  reported  u  series  of  auditory  dioarranEcnent 
experinents  (Freednan  F'faff,  iyCi,  196:^;  Freedman  &  Socunda,  196c; 
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Fre&daan  &  Zaciss,  196^)  deac-ngtrati  ng  the  Importance  of  sensory- 
actor  interaction  in  the  deterioraticn  of  dic-hotic  tiae  difference 
discrinination  which  is  basic  to  auditory  Ic*" ’ i Nation,  Under  vari¬ 
ous  aoveaaent  conditions,  cbservsrs  were  exposed  to  continuous  whit« 
noise  generated  by  .separate,  equivalent  sources  supplying  the  two 
ears  through  earphones.  Hcrasally,  there  are  unique  relationships  be¬ 
tween  interaural  time,  phase,  and  intensity  differences  oTi  the  one 
hand  and  positions  or  moveaents  of  the  observer  cn  the  other.  Listen¬ 
ing  to  any  soursd  through  earphones  destroys  these  systesatie  relation¬ 
ships,  Purtberffiore,  active  movasent  of  an  observer  while  listening 
to  dichotic  white  noise  would  result  in  mary  interaural  differences 
occurring  siaultaneously  with  any  particular  aovement  instead  of  the 
normally  correlated  changes.  Efferent-reaffereht  relationships  should 
beccaae  less  precise  with  more  variable  perceptual  perfonaance  as  a  con¬ 
sequence. 

C.  The  present  experiment. 

This  experiment  ir.voived  ctuditoiy  rearrangement.  Subjects’ 
interaural  axes  were  rotated  through  fixed  and  constant  angular  dis¬ 
tances;  they  were  then  exposed  to  a  fixed  sound  source,  and  the  resul¬ 
tant  shifts  in  auditory  localization  were  measured.  The  method  differs 
from  that  of  Held  (1955)  in  its  closer  approx ijsat ion  to  natural  stimu¬ 
lus  conditions:  artificial  pinnae  were  attached  to  the  microphones  of 
a  high-fidelity  pseudophone,  and  exposure  took,  place  in  an  ordinary  ex¬ 
perimental  room  rather  than  in  an  anechoic  chamber. 

Our  aim  was  not  primarily  to  isolate  the  critical  factors  in 
this  type  of  adaptation,  but  to  develop  the  technique  for  use  in  further 
studies  of  sensorimotor  plasticity  and  intersensory  phenomena. 
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II.  THE  EXPERIMENT 

A .  Hypothesis. 

Subjects  whose  Judgments  of  auditory  direction  ore  displaced 
laterally  by  a  pseudophone  will  demonstrate  compensatory  shifts  of 
localization  after  walking  directly  toward  a  fixed  sound  source  for  .in 
extended  period  of  time.  The  auditory  median  plane  will  shift  in  the 
direction  of  the  constant  error  produced  by  the  pseudophone.  Measured 
as  an  aftereffect  with  the  pseudophone  undisplaced,  the  shift  will  cause 
an  error  opposite  the  direction  of  the  original  displaceaent. 

B.  Equipment 

Figure  1  shows  the  components  of  the  sound  system.  Bruel  and 
KJaer  condenser  microphones  (TVp®  ^133)  with  cathode  followers  (Type 
2615)  and  microphone  power  supplies  (Type  2801 )  were  connected  across 
500-ohm  Borg  Micropot  potentiometers  with  digital  dials  tc  the  two-channel 
amplifier  (United  Research,  Inc.,  Driver  LH-3).  The  amplifier  drove  a 
pair  of  condenser  earphones  (United  Research,  Inc.). 


Insert  Figure  1  about  here 
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Tlu'  nicrophi.'nos  wero  nountcd  in  artificial  pinnae  on  the  ends 
■  f  a  10  1/u  inch  rol  winch*  couid  I’otato  on  a  snail  circular  platform 
and  Co  I'ixcl  iti  any  jjositiv.n.  A  ocnlf  *  n  the  base  i.;f  the  platform  was 
narked  at  V  di.i'rt-e  intervals  t.,>  decrees  on  each  side  of  a  point  to 
be  aliens'’  with  the  nc'dian  plane  o'f  the  subject's  head.  The  platform 
was  bolted  a  steel  plate  curved  to  fit  tlic  head.  A  cushion  was 
taj.ed  t.  th-?  bottom  of  this  lieadplate.  The  headband  of  a  pair  of  sound- 
attenuating  earnuffs  (Noisefoo  Mark  TI  Ear  Protectors,  Mine  Safety 
Appliances  ,C;). ,  Hd.  HB-8221-1)  fit  between  the  circular  platform  and 
the  headplate.  With  the  platform  and  headplatc  bolted  together  the 
headband  was  held  firmly  in  position.  Figure  P  shows  details  of  this 
conotruction.  Flguro  3  showo  a  subject  wearing  the  pacudophone  in  ita 
normal  and  displaced  positivns. 


Insert  Figures  2  and  3  about  here 


The  eari-hcnes  were  held  in  position  with  modeling  clay  shaped 
to  fl*  the  subject's  pinnae. 

The  entire  experiment  was  conducted  in  a  room  about  13  1/2 
feet  by  7  foot.  All  four  walls  and  the  celling  were  of  acoustic  tile. 
The  localization  test  scale  extended  across  v'ne  of  the  end  walls,  about 


five  feet  from  the  flotr. 


microphone  ANO  ^TIF  ICIAL 

CATHODE  FOi-LOwER  ptHHA  ^ 

/  AXIS  OF  ROTATION 


/ 


CUSHION 


r  soppet 
VAMPUlFtEl 


2^  SOUND- 


PIGUR^ 


CONS-rPUOT,ON  or  the  pseuoophone. 
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The  localization  test  scale  forn’Cd  a  60  dejjree  arc  of  a 
circle  with  a  radius  of  3l  inches.  It  was  numbered  at  3  degree  intervals 
and  marked  at  .1  1/2  degree  intervals.  During  the  test  procedure  the 
subject  sat  in  a  rotating  chair  at  the  center  of  the  circle.  A  buzz 
composed  of  an  0.01  ms  pulse  every  6.3  r.s  was  the  test  stimulus  (about 
l60  pulses  per  second).  It  was  produced  by  a  Tektronix  l62  Waveform 
Generator  and  presented  through  a  Permoflux  PDR-B  earphone,  which  could 
be  placed  behind  any  of  the  numbered  positions  on  ♦he  scale.  A  pushbutton 
operated  by  the  subject  sounded  the  stimulus  continuously  as  long  as 
the  button  was  depressed. 

C.  Subjects  and  training. 

The  subjects  were  four  male  Harvard  and  Tufts  undergraduates 
with  no  known  hearing  defects.  Their  ages  ranged  from  17  to  20  years. 

Kach  was  given  a  series  of  preliminary  tests  of  localization 
without  the  pceudophone.  The  criterion  for  initial  acceptance  was  a 
standard  deviation  of  ^  3  degrees  or  less  on  two  of  the  last  three  tests 
given  without  corrective  feedburk. 

Each  subject  also  had  one  or  two  series  of  training  tests  with 
the  pseudophone,  undisplaced  and  displaced  to  the  left  and  right.  Each 
consistently  performed  with  a  standard  deviation  of  -f  U,5  degrees  or 
less  and  a  mean  error  between  1^  and  25  degrees  when  the  pseudophone 
was  displaced  20  degrees. 

D.  Instructions  and  test  procedure. 

Instructions  for  the  test  during  the  experimental  session  were 
uniform  in  directing  the  subject  to  turn  his  head  and  body  to  face  the 
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stimulus  bef'-re  .■j;cninf:  bis  Judpraents  were  given  to  the  nearest 

lialf-unit  ( ).  1/?  degrees),  otinuli  wore  celerted  alternately  from  the 
left  and  right  sides  of  the  scale  within  a  range  v)f  15  degrees  from  the 
center.  The  subject  sat  facing  the  center  before  each  presentation  of 
the  stimulus.  A  compiete  test  consisted  of  ten  consecutive  Judgments, 
for  vfhich  the  moan  and  standard  deviation  of  the  errors  were  calculated. 

h .  Exnosure  session. 

Each  subject  had  twe  exposure  sessions  on  dii’ferent  days,  once 
with  the  left  ear  le-aiinr  by  20°  and  once  with  the  right  ear  leading  by 
20". 

The  following  sequence  was  used  for  each  exposure  session: 

1.  Balancing  intensity:  With  the  microphone  platform  mounted 
separately  C(>  the  stimulus  speaker  was  equidistant  from  the  two  micro¬ 
phones,  the  subject  listened  through  the  earphones  and  balanced  the 
intensities  of  the  two  sides  by  adjusting  the  potent io..'ieter  dials  until 
the  sound  appeared  to  be  centered.  The  average  of  six  successive  adjust¬ 
ments  was  then  set  on  the  dials  for  the  remainder  of  the  session. 

2.  Pre-test:  Wearing  the  pseudophone  with  the  Interaural  eucis 
in  its  normal  position,  the  subject  took  the  localization  test. 

3.  Exposure:  The  room  was  darkened  except  for  two  tiny  lights 
on  the  end  walls ;  the  speaker  was  concealed  at  one  end  directly  beneath 
one  of  the  lights.  Tektronix  i62  Wavoferm  Generators  produced  the  stimu¬ 
lus  buzz  continuously  for  the  first  four  seconds  of  every  ten  second 
period.  With  the  pseudophone  axis  displaced  20  degrees  to  the  left  or 


ri‘/:ht,  i.ui.jfct,  wa;-  ira’.trucli.  l1  walk  a  strait^ht  path  between  the 
Iwi  ii'htri,  ''wirif'  t'wcirl  the  atinulu:'  while  it  was  sounding  and  return- 
in..'  wnen  it,  niletit.  He  waa  to  kuei,  hlr.  iieud  facin;’:  forward  while  ap- 
:  achinp,  t  n*-  otiiriulUL'  ana  iK,t  t.;  turn  until  the  r  .und  had  stopped.  At 
the  end  of  the  r.>turn  trip  he.  v/as  t  turn  and  be  ready  to  be, ''in  the  next 
atjprja'di  hef. ,re  the  ^.titnuiu•J  had  ;;turted.  In  thi:>  way  the  .'.nly  motion 
Male  while  the  ntir.uluf:  sc.undcd  was  directly  toward  it.  This  procedure 
va2  continin;d  f.jr  i.'O  minutes, 

It.  Post-test:  At  the  end  of  the  cxytosure  period  the  lif'hts  were 
turneil  on  and  the  subject  had  another  i'>cnlization  test  with  the  pseudo- 
ph'one  axis  in  the  normal  position. 


!•' .  Computation. 

The  difference  between  the  mean  error  of  the  pre-test  and  that 
of  the  post-test  was  taken  as  a  measure  of  the  shift  in  localization 
produced  by  the  exposure  condition. 


III.  EXPERIMENTAL  RESULTS 

Table  1  shows  the  amount  of  shift  in  :lef:rees  and  the  standard 
deviations  'of  pro-test  and  post-test  for  each  of  the  eipht  experimental 
sessions.  Plus  (  +  )  indicates  shifts  to  the  rif.:ht;  minus  (-)  indicates 
shifts  to  the  loft. 


Insert  Table  1  about  here* 
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Two  of  the  four  subjects  (FE  and  MH)  shifted  significantly  in 
each  condition.  With  the  other  two  subjects  (IMH  and  JMB)  shifts  were 
smaller  than  the  individual  standard  deviations  and  no  larger  than  shifts 
sometimes  observed  between  two  consecutive  tests  in  training. 

The  Wilcoxon  Matched-pairs  Signed-ranks  Test  (one-tailed)  was 
used  to  estimate  the  significance  level  of  these  shifts.  For  subjects 
FE  and  MH  £  was  ^  0,C25  for  every  condition.  These  probability 

values  are  shown  in  Table  2. 


Insert  Table  2  about  here 
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Table  2 

SIGHIFICAKCE  OP  SHIFTS 


Subject 

Exposure 

Condition^ 

Amount  of  shift 

Probability 
of  rejection^ 

A 

+  3.9° 

p<  0.025 

£ 

-  9.6® 

1J<  0.005 

A 

+  5.9° 

p<0.01 

B 

-  U.8° 

p  <0,005 

^  A  «  left  ear  leading;  B  »  right  ear  leading 
^  Wilcoxon  Matched-pairs  Signed-ranks  test,  one  tailed 
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IV.  DISCUSSION 

u'a^vre  of  the  exposure  condition. 

Rotation  of  the  interaural  axis  with  a  pseudophone  produces 
a  lateral  error  in  audicory  localization  toward  the  side  of  the  lead- 
ear  and  equal  to  the  cn(3le  of  rotation.  Figure  4  shows  how  this 
rearrangement  affects  localization  judgments.  The  hroken  lines  are  S's 
normal  interaural  axis  and  median  plane,  while  the  solid  lines  *ire  the 
interaural  a.'cis  and  auditory  median  plane  determined  by  the  pseudophone. 
Normally  the  auditory  median  plane  and  perceived  "straight  ahead"  coin¬ 
cide;  a  sound  source  that  produces  no  interaural  time  and  intensity  dif¬ 
ferences  is  correctly  localized  In  the  median  plane  of  the  head.  With 
displacing  pscuGopho.'e,  no.;ever,  a  sound  source  which  produces  no 
Interaural  differences  is  not  in  the  median  plane  of  the  head.  In  Figure 
'  the  pseudophone  ic  rotated  20  degrees  couAterclockwise,  shifting  the 
•litory  median  plane  20  degrees  to  the  left.  As  a  result,  sounds  are 
;er=cived  20  degrees  to  the  right  of  their  actucl  positions.  For  ex- 
a  ciund  scarce  at  A,  in  the  auditory  median  plane,  is  heard  at 
•3,  in  the  ucdl;.'-  pja.ic  of  the  head.  Similarly,  a  sound  source  at  B  is 
heard  20  deeveec  to  1'i.a  right,  at  C. 

Insert  figure  4  about  here 


Iho  exjy  .linci.iial  expusure  conditio.i  involved  walking  straight 
1  >vai'd  a  sound  source  in  the  median  plane  of  the  head.  This  situation 
jr  fhown  in  Figure  2.  VTien  S  is  at  position  (l),  the  apparent  position 
if  a  sound  source  at  A  is  displaced  to  13^^.  As  S  moves  to  position  (2), 
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FldJRE  U.  PSEDCOraONIC  DISPIACEMENT  OP  AOdTORt 
LXAlIZATIC»i. 
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the  an/Tular  displacement  remains  constant,  but  as  the  distance  between 
S  and  A  decreases,  this  ancle  intercepts  a  shorter  arc,  shiftine  the 
apparent  position  to  Fi^^re  6  shows  that  the  interaural  time  dif¬ 

ference  remains  approximately  constant  as  S  approaches  A.  The  lines 

li 

and  P  are  the  paths  of  sound  from  A  to  the  left  and  right  oars  of  the 
R 

pseudophone.  The  difference  between  the  lengths  of  the  two  paths  is  re¬ 
sponsible  for  the  interaural  time  difference,  and  this  path  difference 
remains  nearly  constant  as  S  walks  toward  A. 

Insert  Figures  5  and  6  about  here 


What  appeared  to  happen  after  exposure  is  that  sound  sources 
producing  scane  range  of  time  differences  between  zero  and  the  constant 
time  difference  present  during  exposure  were  Judged  straight  ahead. 

This  partially  compensated  for  the  error  caused  by  the  pseudophone. 
Prolonged  exposure  might  lead  to  complete  compensation;  the  sound 
source  which  is  straight  ahead  would  be  Judged  straight  ahead  despite 
the  displacement  of  the  pseudophone.  When  the  pseudophone  was  returned 
to  the  nonnal  position,  the  time  difference  which  was  perceived  as  straight 
ahead  came  from  sound  sources  located  on  the  side  opposite  the  direction 
in  which  sounds  were  originally  displaced  by  the  pseudophone.  This  was 
measured  as  the  aftereffect. 

Interaural  intensity  differences  were  probably  less  important 
than  time  differences.  Since  intensity  differences  are  an  irregular  func¬ 
tion  of  azimuth  and  frequency,  they  are  not  a  precise  cue  for  localiza¬ 
tion  vNordlund,  1962).  In  addition,  the  intensity  difference  varies  with 
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APPARSMT  CH&N(S  OF  POSITION  OF  SOUND  SOUBCE  (A) 
AS  S  VALXS  STRAKHT  TOUARD  IT. 


21 


FIGURE  6.,  CONSTANCY  OF  INTERAURAL  TIME  DIFFERENCE  AS  S 
WALKS  STRAIGHT  TOJARD  SOUND  SOURCE  (A). 
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distance  fror.  tiit-  sound  source,  so  that  in  the  experiniental  exposure 
condition  there  was  no  relatively  constant  intensity  difference  ac- 
conpanyin^:  the  subject's  motion. 

B.  Conditions  necessary  for  producinR  shifts  of  localization. 

Under  normal  conditions  waikinc  straight  ahead  in  the  presence 
of  a  sound  source  is  acec^mpanied  by  a  constant  interaural  time  differ¬ 
ence  only  when  the  source  is  in  the  median  planes  of  the  head  and  body. 

In  this  case  the  constant  time  difference  is  no  difference  at  all:  i.e., 
zero.  In  the  experimental  exposure  condition  walking  straight  ahead 
was  accompanied  by  a  constant  time  difference  not  equal  to  zero. 

Held  (1955)  concluded  that  shifts  in  localization  required 
both  the  cojnstant  time  difference  and  the  subject's  walking  toward  the 
sound  source,  it  is  possible,  however,  that  some  or  all  of  the  observed 
shift  In  localization  may  be  due  tc  exposure  to  the  constant  time  dif¬ 
ference*,  regard  leas  of  the  Bubject'o  state  t/f  motli>n»  In  all  the  renr- 
rangcmoiit  and  disarrangement  experiments  discussed  by  Held  and  Freedman 
(196d),  active  motion  by  the  subject  was  shown  or  Justifiably  assumed  to 
be  necessary  for  compensation  and  degradation  to  occur.  It  would  seem 
likely  that  for  auditory  rearrarrangement  to  be  effective,  the  subject's 
notion  is  essential.  This  hypothesis  can  be  tested  easily.  If  the  sub¬ 
ject  were  tc  wear  the  displacing  pseudophone  and  sit  facing  the  sound 
source  instead  of  walking  toward  it,  he  would  be  exposed  to  approximately 
the  same  constant  tine  difference  as  in  the  active  condition.  Whether  or 
not  shifts  in  localization  occur  in  this  condition,  the  results  will 
further  define  the  nature  of  compensation  for  auditory  rearrangement. 
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C.  Summary  and  conclusions. 

Shifts  in  auditory  localization  were  demonstrated  which 
partially  compensated  for  a  pseudophonic  displacement  of  the  ears.  With 
a  20  degree  displacement  of  the  auditory  median  plane,  shifts  up  to  9.6 
degrees  were  measured  after  20  minutes  of  exposure  that  consisted  of 
walking  repeatedly  toward  a  fixed  sound  source.  However,  significant 
shifts  (averaging  6  degrees)  were  measured  with  only  two  of  the  foui-  ex¬ 
perimental  subjects. 

The  magnitude  of  the  shifts  is  about  the  same  as  those  that 
Held  (1955)  measured  after  20  minutes  of  continuous  exposure.  Here  the 
actual  exposure  to  the  sound  source  was  intermittent,  totalling  8  of  the 
20  minutes.  It  is  possible  that  with  longer  or  continuous  exposure  all 
subjects  would  have  shifted,  and  that  with  sufficiently  long  or  periodically 
repeated  sessions  full  compensation  might  have  been  achieved. 
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